Abstract: The present study was carried out to evaluate the effects of dietary supplementation of a commercial probiotic "Biogen 
INTRODUCTION
Tilapia species are used in commercial farming systems in almost 100 countries and are developed to be the most important fish for aquaculture in this century (Fitzsimmons, 2000) . Nile tilapia, O. niloticus is currently considered to be the most important and commonly cultured tilapia species around the world, and constitutes over 70% of the cultured tilapia (Fitzsimmons, 2000 and . In Egypt, tilapia production surpassed the production of common carp and thus tilapia has become the preeminent cultured fish species. Tilapias are often cultured in freshwater ponds without supplemental feeding.
Intensification of culture practices necessitates the use of external feed input (Essa and Salama, 1994) . Tilapia production in developing countries occurs primarily in semi-intensive ponds with fertilization and/or supplementary feeding (Tacon, 2008b) . Other studies have been focused on growth promotion of fish by probiotic supplements (Gatesoupe 2002; LaraFlores et al., 2003; EL-Haroun et al., 2006; Mohamed 2008 and Marzouk et al., 2008b) as well as on physiological and immune responses of fish by probiotic supplements (Khattab et al., 2004a; EL-Gohary et al., 2005 and Marzouk et al., 2008a) .
Commercial probiotic "Biogen ® " consists of Bacillus licheniformis and Bacillus subtilis. The advantage of these sporeforming bacteria is that they are able to survive the pelletization process. Biogen ® can enhance the metabolism and energy of fish body cells, raise the efficiency of feed utilization and balance the secretion of various secretory glands. Moreover, it increases the vitality of cells by supplying oxygen to whole body, improves the immune responses, helps to excrete heavy metals, inhibits aflatoxin and maintains the normal endocrine system. Biogen ® has bactericidal effects and increases the palatability of feed, promotes the secretion of digestive fluids and stimulates the appetite (Mehrim, 2001) . Moreover, Wang et al. (2008a) reported that with increasing demand for environment friendly aquaculture, the use of probiotics in aquaculture is now widely accepted. Therefore, the present study aimed to determine the effects of dietary supplementation of commercial probiotic "Biogen ® " on growth performance, carcass composition, blood hematological and biochemical parameters, histometric examination of fish dorsal muscles and economic efficiency of mono-sex Nile tilapia O. niloticus under different stocking densities for 14 weeks. Kcal/100g DM gross energy and 69.79 mg CP/Kcal GE, P/E ratio), which was calculated according (Macdonald et al., 1973) in form of; GE (Kcal/100 g DM) = CP x 5.64 + EE x 9.44 + Carbohydrates x 4.11. It was formulated from the commercial ingredients (fish meal 22%, soybean meal 27%, yellow corn 21%, wheat bran 20%, corn oil 3%, vit. & min. mixture 2% and molasses 5%). The dietary ingredients and Biogen ® supplement were bought from the local market. Feed ingredients were ground and the different ingredients were mixed manually by warm water and molasses. The big part from the ingredients was milled and mixed well with adding 3g probiotic Biogen ® Kg -1 diet according to Mehrim (2001) and the other part of feed ingredients (without Biogen ® ) also was milled and mixed well. The two parts of the diet were pressed by manufacturing machine (pellets size 1mm). During the experimental period (14 weeks), the fish were fed the experimental diets at a rate of 5% of the live body weight daily, six days a week during the first 7 weeks and 4% feeding rate of the live body weight at the other 7 weeks of the experiment. Experimental diets were introduced by hand twice daily, at 8 a.m. and 2 p.m. The amount of food was adjusted bi-weekly based on the actual body weight changes. Light was controlled by a timer to provide a 14h light: 10h dark as a daily photoperiod. Commercial probiotic Biogen ® is a natural non-antibiotic feed supplement comprised parameters were measured weekly (Abdelhamid, 1996) including temperature (via a thermometer), pH (using Jenway Ltd.,
MATERIALS AND METHODS
Model 350-pH-meter) and dissolved oxygen (using Jenway Ltd., Model 970-dissolved oxygen meter). Body weight of individual fish was measured bi-weekly to point feed quantity and to calculate growth performance according to Abdelhamid At the end of the experiment, blood samples were collected from the fish caudal peduncle of the different groups.
Adequate amounts of whole blood in small plastic vials containing heparin were used for the determination of hemoglobin (Hb) by using commercial kits (Diamond Diagnostic, Egypt). Also, total erythrocytes count (RBCs) and total leukocytes count (WBCs) were measured on an A o Bright -Line Haemocytometer model (Neubauer improved, Precicolor HBG, Germany). Other blood samples were collected and transferred for centrifugation at 3500 rpm for 15 min to obtain blood plasma for determination of total protein according to Gornall et al., (1949) , albumin according to Weichsebum (1946) , globulin by difference according to Doumas and Biggs (1972) . As well as, at the end of the experiment some fishes from all treatments were sacrificed and fish dorsal muscles were sampled. Samples were fixed in 10% neutralized formalin solution to histometric examination according to Pearse (1968) .The data collected were statistically analyzed using one-way ANOVA adapted by SAS (1997) . Means were statistically compared for the significance (P ≤ 0.05) using Duncan (1955) multiple range test.
RESULTS AND DISCUSSION

1-Rearing water quality properties
As shown from Abdelhamid (2000) and Abd El-Hakim et al. (2002) . Moreover, Abdelhamid et al. (2007) tested water quality criteria and reported similar values which were suitable for rearing Nile tilapia fish.
2-Growth performance
Results in Table ( 2) indicated that fish of T 4 at 30 fish/m 3 and 3g Biogen ® kg -1 diet had significantly (P ≤ 0.05) increases in all growth performance parameters (final weight, average weight gain, average daily gain and specific growth rate) compared with the control group (T 1 , stocked at 10 fish/m 3 without Biogen ® ). Also, the same fish group (T 4 ) had significantly (P ≤ 0.05) improved feed conversion ratio compared with the other fish groups. However, by increasing the stocking density of fish (50 and 60 fish/m 3 and fed diet supplemented with 3g Biogen ® kg -1 diet, T 6 and T 7 ) there were no significant (P ≥ 0.05) differences in all above growth performance parameters compared with the control group (T 1 ). Yet, there were no mortalities among all fish treatments. These positive effects in fish growth performance may be related with supplementation of commercial and natural probiotic Biogen ® , which can enhance the metabolism and energy of fish body cells, raise the efficiency of feed utilization, increase the palatability of feed, promote the secretion of digestive fluids and stimulate the appetite (Mehrim, 2001) . In this trend, Abdelhamid et al. (2007) reported that raising the stocking density (2, 3 and 4g fish liter -1 ) of the experimental Nile tilapia O. niloticus resulted in a significantly (P ≤ 0.05) decrease of the growth performance parameters (final weight, weight gain, average daily gain, relative growth rate and specific growth rate) of fish. However, they added that increasing the stocking density rate of fish led to significantly (P ≤ 0.05) increased feed conversion ratio of the experimental fish, but survival rate of fish was not influenced by raising the stocking density. Yet, they added that increasing dietary Betafin ® (betaine) level caused a significant improve in this picture. As well as, Bakeer et al. (2007) found that body weight and length were negatively correlated to the stocking density of tilapia fish. Moreover, results of the present study are in agreement with those of Khattab et al. (2004a) and Srour (2004) for tilapia and EL-Haroun (2007) for catfish. Also, ELHaroun et al. (2006) reported that the growth performance and nutrient utilization of Nile tilapia were significantly (P ≤ 0.01) higher in the treatment receiving probiotic (Biogen ® ) than the control diet. Yet, Mohamed et al. (2007) reported that O.
niloticus fingerlings fed on diets supplemented with probiotics exhibited greater growth than those fed the control diet. Also, they added that the diet containing 30% protein and supplemented with Biogen ® at level of 0.1% produced the best growth performance. Recently, Eid and Mohamed (2008) revealed that using Biogen ® at level of 0.1% was the best in terms of growth performance of mono-sex O. niloticus fingerlings. Moreover, Wang et al. (2008b) mentioned that tilapia (O.
niloticus) supplemented with the probiotic bacterium, Enterococcus faecium ZJ4 showed significantly (P < 0.05) better final weight and daily weight gain (DWG) than those fed the basal diet (control). Recently, Marzouk et al. (2008b) reported that both fish groups fed on diet supplemented with probiotics (dead Saccharomyces cerevisae yeast and both of live Bacillus subtilis and Saccharomyces cerevisae) revealed significant (P < 0.05) increases in the body weight gain, specific growth rate and condition factor (K). While, they added that a significant (P < 0.05) decreased in feed conversion ratio was recorded comparison with the control group fed on probiotic-free diet. On the other hand, Abdelhamid et al. (2002) found that Biogen ® supplementation (2 and 4 g kg -1 diet) did not significantly improve fish growth performance. Also, Diab et al. (2002) reported that Biogen ® addition to fish diet at 0.5, 1.0 and 1.5% gave insignificant increase in fish growth performance.
3-Carcass composition of the experimental fish
There were no significant (P ≥ 0.05) differences in dry matter, crude protein and ash of O. niloticus between T 4 and T 1 .
While, there were significant (P ≤ 0.05) decreased in both of ether extract and energy content in T 4 compared with the control group (T 1 ). However, by increasing the stocking densities of fish in treatments no significant (P ≥ 0.05) differences were recorded in crude protein and ash comparing with T 1 . While, increasing the stocking densities of fish led to significant (P ≤ 0.05) decreased in both of ether extract and energy content compared with the control group (Table 3) . These positive effects in carcass composition of experimental fish may be due to the dietary supplementation with Biogen ® which caused the good growth performance compared with the control group (Table 2) . Since, Biogen ® can enhance the metabolism and energy of fish body cells and raise the efficiency of feeds (Mehrim, 2001) .
In this topic, Khattab et al. (2004b) reported that crude protein, total lipids and ash were significantly (P < 0.01) affected by protein level and increasing stocking density rate of tilapia fish. Yet, Abdelhamid et al. (2007) added that increasing the stocking density rate of fish was responsible for increased % of DM, leading to increases in CP and ash, but Macdonald et al. (1973) .
While, no significant (P ≥ 0.05) differences were recorded in blood indices (MCV, MCH and MCHC) and differentiation of leukocytes among all experimental treatments. On the other side, by increasing the stocking densities of fish, no significant (P ≥ 0.05) differences were recorded in all above mentioned blood parameters compared with the control (T 1 ). However, T 7
(stocking density of 60 fish/m 3 plus feeding diet supplemented with 3g Biogen ® kg -1 diet) recorded the worst values in the leukocytes count among all experimental treatment. The promising positive results obtained in hematological blood parameters led to increase the immune status of fish and prevent mortality among all the treated fish by increasing the stoking densities of fish (Table 2 ). These findings were related to Biogen ® , since both of allicin and ginseng (active ingredients of biogen) improved the physiological function of fish and immune response which in turn increased the ability of exposed fish to resist the stress effect of different stoking densities. The present findings confirm those reported by Khattab et al. (2004a) they revealed that the blood hematological parameters (hemoglobin, erythrocytes count and packed cell volume percentage) in fish fed diets containing Biogen ® were significantly higher than that of the control. Also, EL-Gohary et al. (2005) found the same positive effects on blood hematological parameters of O. niloticus fed the diet supplemented with Biogen ® and exposed to metrifonate (as a broad spectrum insecticide). They added that the use of Biogen ® as a growth promoter in fish diet minimized the toxicity of metrifonate. Moreover, Marzouk et al. (2008a) Total plasma protein, albumin, globulin and albumin /globulin ratio of the experimental fish of T 4 increased significantly (P ≤ 0.05) compared with the control treatment (T 1 ). However, increasing the stocking densities of fish (T 5 , T 6 and T 7 ) led to insignificant (P ≥ 0.05) decreases of total protein, albumin and globulin and to insignificant (P ≥ 0.05) increase of albumin /globulin ratio compared with the control (T 1 ) as shown from Table (6). These findings mean that the addition of Biogen ® led to significantly (P ≤ 0.05) increases of plasma proteins which indicates the improvement of the nutritional values of the diet, the growth performance, carcass composition of crude protein, physiological functions and the healthy status of the experimental fish fed on this commercial probiotic Biogen ® against the high stocking density of fish. Whereas, Biogen ® increases the vitality of cells by supplying oxygen to whole body, improves the immune responses and maintains the normal endocrine system (Mehrim, 2001) . Moreover, Raa (1996) and Sakai (1999) revealed that some responses that are routinely reported by using immunostimulants are macrophage activation, increased phagocytosis by neutrophils and monocytes, increased lymphocyte numbers, increased serum immunoglobulins and increased lysozyme.
These results are in agreement with those obtained by Mohamed (2007) revealed the increase in plasma total protein of O. niloticus fingerlings fed on probiotic and yeast. On the other hand, Diab et al. (2002) reported that there were no significant differences in serum total protein in fish fed diets containing 0.5%, 1.0% and 1.5% of Biogen ® . Moreover, Eid and Mohamed (2008) found no significant differences (P > 0.05) in plasma total protein, albumin and total globulins of fish fed the experimental diets containing different levels of probiotics (Biogen ® and Pronifer ® ) in comparison with the control diet. Also, Wang et al. (2008b) found that there was no remarkable difference (P > 0.05) in the total serum protein, albumin and globulin concentrations and albumin/ globulin ratio between the O. niloticus supplemented with the probiotic bacterium,
Enterococcus faecium ZJ4 and the control fed the basal diet. 1.85bc ±0.15 a-c: Means in the same column having different letters are significantly different (P ≤ 0.05). *AL/GL ratio: Albumin /Globulin.
5-Histometric examination of fish dorsal muscles
There were insignificant (P ≥ 0.05) increases of smallest diameter, mean diameter (µm), smallest/largest ratio, intensity Compared with the control treatment (T 1 ), fish in T 7 reflected significantly (P ≤ 0.05) increase in smallest diameter and smallest/largest ratio, but these increases appeared not significantly (P ≥ 0.05) for mean diameter (µm), intensity of muscular bundles/mm 2 , the percentage of muscular bundles area (mm 2 ) and the percentage of connective tissue (mm 2 ) of fish dorsal muscles (Table 7 and Figs. 1-7 ). This means that supplementation of natural and commercial probiotic Biogen ® at level of 0.3% to fish diets under high stocking densities led to improvement of most histometric characteristics of the dorsal muscles of fish compared with the control fish group (T 1 ) which fed diet without addition of Biogen
These results agree with those reported by Abdelhamid et al. (2004) , they found that the O. niloticus group fed diet containing 1 kg Betafin ® ton -1 and 600 ml Biopolym ® ton -1 was the best treatment among all treatments concerning the muscular bundles and total surface area occupied by the muscular bundles/mm 2 . Also, they added that the superiority of the histological structure of dorsal muscles in this treatment among all treatments was related with the high growth performance, feed and nutrients utilization and characteristics of fish production. Moreover, recently Khalil et al. (2009) = ([3.14 X (mean diameter/2) 2 ] X Intensity of muscular bundles mm -2 ) X 100, whereas: the muscular bundles were considered as approximately circularity shape, ** % of connective tissue mm -2 = (1-muscular bundles area, mm 2 ) X 100. 
6-Economic efficiency
Results in Table ( 8) showed that T 4 realized significant (P ≤ 0.05) increases in all economic parameters (total feed cost, total outputs, net return and economic efficiency) and high relative economic efficiency compared with the control treatment (T 1 ) and other treatments. However, increasing stocking densities (T 5 , T 6 and T 7 ) led to significant (P ≤ 0.05) increases in economic parameters compared with the control (T 1 ). From economic point of view, these positive effects due to the dietary supplementation of commercial probiotic Biogen ® which alleviated the stocking density stress and significantly improved the growth performance, carcass composition, blood hematological and biochemical parameters and histometric examination of fish dorsal muscles in the present study. Additionally, Biogen ® can enhance the metabolism and energy of fish body cells, raise the efficiency of feed utilization, increase the vitality of cells by supplying oxygen to whole body and improve the immune responses. Moreover, Biogen ® has bactericidal effects and increases the palatability of feed, promotes the secretion of digestive fluids and stimulates the appetite (Mehrim, 2001 ). a-g: Means in the same column having different letters are significantly different (P ≤ 0.05). 1. Total feed costs (LE) = feed costs per one kg diet X feed intake, 2. Total outputs (LE Kg -1 ) = fish price X total fish production*, * Total fish production = final number of fish X fish weight gain, 3. Net return per treatment (LE) = total outputs -total feed costs, 4. Economic efficiency (%) = (net return/ total feed costs) X 100, The price of 1 kg ingredient used was 7.00 LE for fish meal, 2.50 LE for soybean meal, 1.50 LE for yellow corn, 1.50 LE for wheat bran, 7.50 LE for corn oil, 7.00 LE for vit. and min. premix,1.50 LE for molasses and 45.00 LE for Biogen ® according to local market price at the time of study (2007) in Egypt
CONCLUSION
In conclusion, from the above mentioned results in the present study, it could be recommended the useful dietary supplementation of commercial probiotic Biogen ® at a level of 0.3% with stoking density of 30 fish/m 3 of mono-sex Nile tilapia fingerlings (T 4 ).This treatment realized the best growth performance, carcass composition, blood hematological and biochemical parameters, histometric characteristics of fish dorsal muscles and economic efficiency without any adverse effects on water quality criteria. Yet, it could be required a lot of scientific efforts to maximize the commercial benefits from the environmentally-friendly commercial or natural probiotics with the local fish species.
